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COVER PHOTO 


A continuous argon laser is being used by engineers of 
the Goodard Space Flight Center, Greenbelt, Maryland in 
experiments to send a message by laser to a satellite in 
orbit. This is an advanced application of monochromatic 
light used in young's light interference experiments. 
Photo courtesy of NASA. 





I. HISTORICAL ANECDOTES 


When Young originally did his experiment in 1801, his 
apparatus was somewhat different than that which is used 
today. He used sunlight passing through a pinhole as a 
point source of light. The light spreading out from this 
pinhole source fell upon an opaque barrier which contained 
two pinholes placed very close together and located equi- 
distant from the source. Light originating from the pinhole 
source at any moment passed through the other two pinholes 
at the same time; the light at these two pinholes was then 
always in phase. With such an arrangement, the interference 
pattern of the light emerging from the pair of pinholes did 
not shift; it could be observed. 


Reference: PSSC, PHYSICS, p.297. 


II. SAMPLE RUNS 


The sample runs included in this section are intended 
to be indicative of the output format and the degree of 
flexibility available in the program. They also are useful 
for checking the program when it first is entered into the 
computer to ensure proper operation. 


YOUNG’S DOUBLE SLIT EXPERIMENT 


L = 2 METERS W = 6000 ANGSTROMS D = e5 MILLIMETERS 


DISTANCE (MM*S FROM CENTER) 
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ABOVE 15 AN ILLUSTRATIVE RUN WITH PRE-DETERMINED. 
VALUES FOR WAVELENGTH (W)s DISTANCE BETWEEN SLITS 
AND SCREEN (L)2 AND SLIT SEPARATION - CENTER TO 
CENTER (De NOW YOU MAY VARY THESE PARAMETERS,» 
ONE AT A TIME. 


mea RE 


WIAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? 1 


L, = 2 METERS W = 6000 ANGSTROMS D = 1 MILLIMETERS 


DISTANCE (MM°S FROM CENTER) 
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| WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1-YESs O-NO)? 1 
WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? 25 
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L = @ METERS 
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W = 6000 ANGSTROMS 


DISTANCE (MM*°S FROM CENTER) 
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WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1°YES»s O-NO)? O 
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WIAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 3000- 
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L = 2 METERS W = 3000 ANGSTROMS D = eS MILLIMETERS 


DISTANCE (MM*S FROM CENTER) 
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WOULD YOU LIKE TO TRY ANOTHER VALUE OF W (1-YESs O-NO)? 1 
WIAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 15000 

A WAVELENGTH OF 15000 IS INFRARED LIGHT AND NOT VISIBLE. 
THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS 
ONLY:e TRY ANOTHER WAVELENGTH. 

WIAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 6900 


L = 2 METERS WW = 6900 ANGSTROMS 0D = «5S MILLIMETERS o 


DISTANCE (MM'S FROM CENTER) - 
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WOULD YOU LIKE TO TRY ANOTHER VALUE OF W (1-YES» O-NO)? 0 
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WAT IS THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 5 





L = S METERS W = 6000 ANGSTROMS Ds eS MILLIMETERS 


DISTANCE (MM*°S FROM CENTER) 
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WOULD YOU LIKE TO TRY ANOTHER VALUE OF L (1°YESs O-NO)? O 
es ee 


YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN 

WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATION (D)>» 

AND THE DISTANCE FROM SLITS TO SCREEN (L). 

WiAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? -5 

WAT IS THE NEW DISTANCE FROM SLITS FO SCREEN (L) IN METERS? 4 


L. = 4 METERS W = ? ANGSTROMS D = ¢5 MILLIMETERS 


DISTANCE (MM°S FROM CENTER) 
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WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L (1°YES»s O-NO)? O 
WIAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) IS? 6000 

PRETTY GOOD! THE WAVELENGTH WAS 6000 ANGSTROMS. 

WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTH(1-YES» OQ-NO)? 0 


Ray Sem 


WOULD YOU LIKE A PLOT WITH YOUR O87) VALUES FGR UAVELENGTH 

CW)s SLIT SEPARATION (D)» AND DISTANCE FROM SLITS TO 

SCREEN (Ld CI-YESs O20)? 1 

CHAT IS THE NEW UAVELEUVGTE CH: th ANGSTECNS? SSO9 

WHAT IS THE NEW SLIT SSPARSTION (CD) IN NILLIGETERS? «7§ 

WiIAT 1S THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 3 


L = 3 METERS W = §500 ANGSTROMS D = 675 NILLIMETERS 
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ANOTHER OE Cl-¥YESs OQ-NO?D 
? O 
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HOPE YOU HAD FUNI 


III. PROGRAM LISTING 


A listing of the program is included on the following 
pages. It is written in the version of BASIC which existed 
on the Digital Equipment Corporation TSS/8 in August 1970. 6 


The program, as listed, should operate in any machine 
with a BASIC compiler with the implementation of BASIC s 
described in BASIC: AN INTRODUCTION TO COMPUTER PROGRAMMING 
USING THE BASIC LANGUAGE, W. F. Sharpe, The Free Press; with 
the exceptions that the TAB function is used for generation 
of the output plots, and RANDOMIZE is used to generate random 
wavelengths to test the student's grasp of the concepts related 
to this experiment. If TAB is not available, some other plot- 
ting routine must be substituted for the one included here. 
If RANDOMIZE is not available, some other method of selecting 
randomly the unknown wavelength must be substituted. 
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III. PROGRAM LISTING 


5% REM SLITS--COPYRIGHT 19715 STATE UNIVERSITY OF NEW YORK 
51 REM LATEST REVISION 8-27-72 


190 
1A1 
192 
193 
194 
145 
146 
107 
1194 
111 
129 
132 
149 
159 
169 
179 
171 
189 
181 
182 
183 
184 
186 
187 
188 
199 
24D 
219 
229 
221 
239 
249 
259 
269 
261 
262 
279 
289 


290: 


39D 
314 
329 
321 
334 
349 
354 
369 


REM YOUNG'S DOURLE SLIT EXPERIMENT 
REM AeCe CAGGIANO 
REM REVISED 7/28/74 CLe RBRAUNs De PESSEL) 


REM IMPORTANT VARIABLESs L-DISTANCE BETWEEN SLITS+SCREENs 
REM W-WAVELENGTHS D-SLIT SEPARATIONCCENTER TO CENTER) 
REM 

REM Us PRINT PARAMETER FOR UNKNOWN WAVELENGTH 

LET U=% 

PRINT " "5 *YOUNG*S DOUBLE SLIT EXPERIMENT 

PRINT 

REM ILLUSTRATIVE RUN 

LET L=2 

LET W=6982 

LET D=.e5 

REM PLOT ROUTINE 

GOSUB 855 

PRINT 

PRINT “ABOVE IS AN ILLUSTRATIVE RUN WITH PRE-DETERMINED" 


PRINT "VALUES FOR WAVELENGTH (C€W)s DISTANCE BETWEEN SLITS" 
PRINT “AND SCREEN (¢(L)s AND SLIT SEPARATION =- CENTER TO" 
PRINT “CENTER €D)-e NOW YOU MAY VARY THESE PARAMFETERS>* 
PRINT “ONE AT A TIME" 

PRINT 

PRINT "*k kee"? 

PRINT 

REM D INPUT SUBROUTINE 

GOSURB 922 

REM PLOT ROUTINE 

GOSUB 855 

PRINT 

PRINT “WOULD YOU LIKE TO TRY ANOTHER VALUE OF D C1-Y¥FSs S=NO)"S 
INPUT @1 

IF Q1>9 THEN 299 

PRINT 

PRINT °8 42 xe ee? 

PRINT 

REM RESET D 

LET D=e5 

REM W INPUT SURROUTINE 

GOSURB 944 

REM PLOT SUBROUTINE 

GOSUB 855 

PRINT 

PRINT “WOULD YOU LIKE TO TRY ANOTHER VALUE OF W C1-YESs M=NM)"'$ 
INPUT 92 

IF 02>9 THEN 349 

PRINT 
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361 
262 
379 
389 
399 
AD 
A19 
A260 
421 
A3a 
AAD 
450 
469 
461 
462 
479 
489 
A90 
491 
492 
547 
593 
529 
539 
559 
569 
565 
566 
579 
589 
599 
659 
651 
695 
696 
619 


611. 


629 
634 
649 
654 
666 
679 
689 
693 
TAD 
791 
702 
7A3 
794 
745 
746 
TOT 


PRINT 
PRINT 


i 


REM RESET W 


LET W= 


REM L 


64999 
INPUT SUBROUTINE 


GOSUR 942 
REM PLOT SUBROUTINE 


GOSUR 
PRINT 


PRINT “WOULD YOU LIKE TO TRY ANOTHER VALUF OF L C1- YES: 


855 


INPUT Q3 
IF Q3>9 THEN 449 


PRINT 
PRINT 
PRINT 


ke ke kK 


REM RESET L 


LET L= 
PRINT 

PRINT 
PRINT 


2 
"YOU WILL NOW BF GIVEN A LIGHT SOURCE OF UNKNOWN" 


"WAVELENGTH. YOU WILL SPECIFY THE SLIT SFPARATION (D)s" 


"AND THE DISTANCE FROM SLITS TO SCREEN (L)e” 


REM Q5 DETERMINES IF W IS TO BE CHANGED 
LET Q5=9 
REM D INPUT SURROUTINE. 


GOSUB 
REM L 
GOSUB 


922 
INPUT SUBROUTINE 
992 


REM CHANGE W? 

IF Q5>9 THEN 641 

REM RANDOMLY DETERMINE WAVELENGTH 
RANDOMIZE 

LET W=1LAAD*INTC3*RNDECX)+4-5) 

REM PLOT SUBROUTINE CUNKNOWN W) 
LET U=1 


GOSUB 
PRINT 
PRINT 
PRINT 
INPUT 


5BS5 


"WOULD YOU LIKE 4 PLOT FOR OTHER VALUES OF D AND L " 
“Cl=YESs @=NO)}"S 
Q5 


IF Q5>9 THEN 53% 


PRINT 


"WHAT DO YOU THINK THE UNKNOWN WAVELENGTH CW) ISS 


INPUT Wl 
IF ABSCW1L-W)<e1l*W THEN 742 


PRINT 
PRINT 
GO TO 
PRINT 
PRINT 
PRINT 
INPUT 


"YOU ARE MORE THEN 10% OFFe TO HELP YOUs, YOU MAY "; 
“"ORTAIN MORE PLOTS." 

619 

"PRETTY GOOD! THE WAVELENGTH WAS “W't ANGSTROMS." 
"WOULD YOU LIKE TO TRY ANOTHER UNXNOWN WAVELENGTH" 
"C€1+YESs- @=NO}"'> si 
Q6 


IF Q6<1 THEN 967 


PRINT 
PRINT 
GO TO 


"vYOU MAY SPECIFY A NEW SLIT SEPARATION (¢€D) AND DISTANCE" 


"FROM SLITS TO SCREEN | dary: 
548 
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F-NOI'S 


849 
859 
855 
856 
857 
858 
B69 
861 
865 
870 
871 
875 
BRA 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
892 
893 
895 
896 
R97 
898 
899 
9A0 
9n2 
943 
904 
985 
9N6 
987 
908 
919 
912 
913 
914 
915 
916 
918 
919 
929 
9202 
924 


REM 

REM PLOT ROUTINE 

PRINT 

PRINT 

REM U>@ DO NOT PRINT WAVELENGTH 


IF U>9 THEN 879 

PRINT "L ="L"*METERS W ="W" ANGSTROMS D ="D"*MILLIMETERS" 
PRINT | 

GO TO S75 

PRINT "L ="L"METERS W = ? ANGSTROMS D ="D"MILLIMETERS" 
PRINT 

PRINT "DISTANCE (MM*S FROM CENTFR)" 


REM A:PLOT LOWER LIMIT (MM*°S)s BSUPPER LIMIT ¢CMM'S) 

LET A=-e26 

LET B=e26 

REM R: PRELIMINARY CALCe FOR INTENSITYS 10F4:CONVERSION FACTOR 
LET R=€3-1416*D*19E4)/CW*L) 

REM LOOP TO CALCULATE PATTERN AND PLOT IT 

FOR X=A TO B STEP -@2 

REM Ys INTENSITY 

REM 24:SCALE FACTOR FOR PLOTs Xs:DISTANCE (MM*S) 

LET Y=20*COSC(CR*X)*COSCR*X) 

IF ABSCX)<e49901 THEN 893 

PRINT TA8BC8)5 INTCX*¥1904-25)/19G$ TABCIS5)$S e's TARCINTCY4+15-5))3 "x" 
GO TO 895 

PRINT soe cccccccccccoQOcceoe INTENS TY ecccce XX 

NEXT X 3 

LET U=94 

PRINT. 

RETURN 

REM 

REM L INPUT SUBROUTINE 

PRINT “WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN (L) ‘3 
PRINT "IN METERS" 

INPUT L 

REM 1999: CONVERT LC(METERS) TO LC(MILLIMETERS) 

IF 1099*L>= 19*D THEN 912 : 

PRINT “THIS DISTANCE IS TOO SMALL FOR GOOD INTERFFRENCFE PATTERNS." 
PRINT "TRY ANOTHER VALUEe" 

GO TO 9682 

IF L<=5 THEN 918 

PRINT "ALTHOUGH ANY DISTANCE LARGER THAN "14*D/140¢%" METERS" 
PRINT "IS VALIDs ABOVE 5 METERS RECOMES HARD TO SEE-e"'$ 


PRINT " TRY ANOTHER VALUE." 
GO TO 992 

RETURN 

REM 

REM D INPUT SUBROUTINE 


PRINT "WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS" 
INPUT D 
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926 IF D>=el THEN 932 

928 PRINT "SLITS ARE SO CLOSE THEY APPROXIMATE A SINGLE SLIT." 
929 PRINT “TRY ANOTHER VALUE" 

934 GO TO 922 . 

932 IF D<=e1*1AGDA*L THEN 949 

933 PRINT "FOR A VALID INTERFERENCE PATTERN» THE SLIT SEPARATION" 
934 PRINT “SHOULD BE LESS THAN "21 *1099%L" MILLIMETERSe TRY'*$ 
935 PRINT "* ANOTHER VALUE." : 

938 GO TO 922 

940 RETURN 

941 REM 

942 REM W INPUT SURROUTINE 

944 PRINT "WHAT IS THE NEW WAVELENGTH CW) IN ANGSTROMS''S 

946 INPUT W 

947 IF W>=3999 THEN 954 

948 IF W<1499A THEN 959 

949 PRINT "A WAVELENGTH OF "W't IS ULTRAVIOLET LIGHT AND NOT VISIBLE." 
954% GO TO 956 

954 IF W<=89G9% THEN 965 

955 PRINT "A WAVELENGTH OF "W'' IS INFRARED LIGHT AND NOT VISIRLE." 
956 PRINT "THE INTERFERENCE PATTERN WILL RE VISIBLE USING DETECTORS" 
957 PRINT “ONLY. TRY ANOTHER WAVELENGTH." 

958 GO TO 944 | 

959 PRINT "A WAVELENGTH OF "W'' IS X-RAYS AND NOT VISIBLE” 

9606 GO TO 956 

965 RETURN 

966 REM 

967 PRINT 

968 PRINT "**k*kx" 

969 PRINT 

97% REM MISCELLANEOUS RUNS 

972 PRINT "WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH" 
973 PRINT " (€W)» SLIT SEPARATION (D)s AND DISTANCE FROM SLITS TO" 
974 PRINT "SCREEN C(L) C1-YESs @-NO)'S 

976 INPUT a9 

98% IF Q9<1 THEN 995 

982 GOSUB 944 

984 GOSUR 922 

986 GOSUR 992 

9883 GOSUR 855 

999 PRINT "ANOTHER ONF C1-YESs @-NQO)" 

992 INPUT 48 

993 IF Q&>A THEN 982 

994 REM 

995 PRINT 

996 PRINT "kk EKER 

997 PRINT 

998 PRINT "HOPE YOU HAD FUN!" 

999 END | | 
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IV. BASIC RELATIONSHIPS AND ASSUMPTIONS 


The model employed in the program and the assumptions which underlie 
it are listed below. 


A. Model 
Y = 4(1 + cos RX) 
where 
Y = relative light intensity 
X = distance (in centimeters) from center of the viewing screen to the 
point at which intensity is measured. X is measured along an axis 
perpendicular to the bright and dark bands on the viewing screen. 
R = 2n-10°-D/w-L 
D = distance (in millimeters) between slits 
W = wavelength (in angstroms) of light 
L = distance (in meters) between double-slit screen and viewing screen 


B, Assumptions 


1. The light source is nearly monochromatic. This is not a very 
strict assumption, since all that is needed is that 


“Ww << M 
where 
W = central wavelength 
AW = spread in wavelength about central wavelength 
M = number of fringes in the pattern 


2. Slit S, in Fig. 1, is narrow enough so that 
WL 
Ss < —~ 


3. The slit width in the double-slit screen is less than one tenth 
the distance between the slits; i.e., 


a-< 02D 


4, The distance between the double-slit screen and the viewing screen 
is much larger than the distance between the double slits; i.e., 


Lo>>D 


©. The double-slit screen and the viewing screen are parallel. 
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C,. Range of Parameters 


The program incorporates a series of traps to prevent the use of 
parameter values outside the range of validity of the model. The ranges 
of the parameters are: 





1. 0.1< L <5 meters 
The lower limit ensures conformance with assumption 4; while the 


upper one allows for the sharp diminution of intensity with increased : 
distance. . 
2. 0.1<D < 0.1L millimeters 


3. 3000 < w< 8000 angstroms (slightly wider than the range of visible light) 





V. DERIVATION OF MODEL 


The general problem of predicting the interference pattern from two 
slits is very difficult to solve and leads to a very complicated expression 
for the intensity on the viewing screen. The special problem of two very 
narrow slits, illuminated by monochromatic light coming from a very narrow 
slit, and viewed near the axis a long way away is not too difficult. We 
will derive the intensity expression for the special case, and then, indi- 
cate how it changes as some restrictions are lifted, i.e., as the slits get 
wider, as the illuminating slit gets wider, and as the light source becomes 
less monochromatic. 


The physics of the problem is: 


Coherent light has wave-like properties; that is, amplitudes 
add. Our eyes (and other detectors) detect the square of 
the amplitude (called the intensity ). 


A. Location of Bright and Dark Bands 


Although there are far more elegant developments available, we shall 
present a simple geometric one. The geometry is shown in Figure l. 


Lines AP and BP are the paths of intersecting light rays passing 
through slits A and B, respectively. Line AC is perpendicular to line 
OP (the line from the center point of the double-slit screen to the inter- 
section of the two light ices 


Angles AON and AEO are right angles. Angles OAE and PON are equal 
(by complementary angles). These angles will be called ®; i.e., 


AOAE = 4PON= @ 
Prom triangle PON (a right triangle), 
tan as 


L 


If 


= <5 
then 


AE PC << 90° 
and 


4ACB 90° 


Further, triangle ACB is nearly a right triangle, so that 
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viewing screen 


double-slit screen 
a 


yet 


G 


Figure 1. Geometry of light pattern 





“@ 


Because ACB is nearly a right triangle, triangles ACB and PON are 
Similar triangles; and, because 


7% < 1. 


we see that 
Q <<D 
therefore 
¥ sin avd 


and, finally, 


pi eee. 

St 
or 

he 2S 

5 


If the light rays from A and B are coherent, and if Q = W = wavelength 
of light from source the rays will reinforce one another, and there 
will be a bright band at P. Similarly, there will be bright bands at P when 
Q = 2W, 3W, 4W, -—- 


As a consequence; bright bands are located at 


Se KWwh P for K= 0 823; ptt tos 
D 
When 
W 
> 


the two waves cancel at P, and we have a dark band. In general, the dark 
bands are located at 


_ JWL : — 
X= 54, ford =1, 3, 5, 


B. Intensity of Light 


For this same simple case (coherent, monochromatic illumination, very 
narrow slits, long distance to the screen), if the amplitude at the screen 
is written as the sum of two sinusoidal waves, is squared to find the in- 
tensity, and is averaged over time to get rid of unobservable variations 
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at twice the light frequency, the actual intensity pattern is 


seas eB: 
i= 5} 1 + cos on 





The intensity varies from zero to I,,, and has its maximum value 
when A is 0, W, 2W, 3W, etc. The relative intensity is defined as 





and goes from zero to unity. 


S ee i i = | + cOs (emer 4 
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This is the expression used to calculate the relative intensity in the 
SLITS program. 


C. The Effect of the Width of the Double Slits 


The ideal fringe pattern is shown in Figure 2. As some of the re- 
strictions on the width of the first slit and the width of the double slits 
are relaxed the fringe pattern looks more and more like that of Figure 3. 


To see how this happens, we draw the more-accurate slit diagram of 
Figure 4. Now, light travelling along many different paths from each 
slit can reach the screen. The effect of adding many amplitudes from the 
two slits of width a (assuming @ is still very narrow) is to give a relative 
intensity of 2 


4 Bas S cx) D 
1 + cos oma x 


Trae) 
_ 2 wa Tr a 
The multiplying factor sin >P_-X/ | wro* is unity at X = 0 and falls to 
zero at X= ud . It is the diffraction pattern of the individual slits and 





for wide slits, quickly reduces the intensity of all the interference 
fringes except the central one. The interference fringes for a, but not zero, 
are shown in Figure 5. 


D. Width of the First Slit 
If the width of the double slits is kept very small, but the width of 


of the first slit increased, the light arriving at each of the double slits 
is the sum of light travelling many paths from different parts of the first 
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Figure 4. Finite-width slits 
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slit has different (and random!) phases, the intensities and not the amp- 
litudes must be added at the double slits. 


The light falling on the double slits is no longer coherent (it no 
longer all has one phase) and the contrast level of the fringe pattern 
produced by the double slits is reduced. If all the intensities from the 
first slit are added, and the double slits are very narrow, the relative 
intensity in the interference pattern is 


¥ sili + cos Qe 
WL 


where C is a function of the width of the first slit, the distance from 
the first slit to the double slits, the distance between the double slits, 
and the wavelength. Specifically, 





For a very narrow first slit (S = 0), C = 1 and the relative intensity 

has maximum value of unity and a minimum value of zero, just as before. 

As the width of the first slit gets larger, C gets smaller and the fringes 
have maximum intensity 4%(1 + C) which is less than 1, and minimum inten- 
sity %(1 - C), which is greater than zero. The fringes now appear as 
shown in Figure 6. This is a uniform bright background with somewhat 
brighter and darker lines. 


E. The Width Effects Combined 


The combined effect of a first slit of width a and double slits of 
width a leads to the relative intensity pattern 
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This is the pattern plotted in Figure 3. 


If a laser is used as a light source, the first slit is unnecessary, 
since all of the light fxom the laser has the same phase. With laser 
illumination, C=1, even when the laser light is spread or focussed by a 
lens. The double-slit interference pattern with a laser as a light source 
always has maximum contrast, because the laser is a completely coherent 
source. 3 
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If 


and 





and 


and the relative intensity simplifies to our original expression; i.e., 


2D 
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FP. The Effect of a Spread of Source Wavelengths 


If the source is not perfectly monochromatic, the intensities due to 
light of each wavelength leaving the source add (light of different wave- 
lengths is incoherent) and the total intensity is the sum of many expressions 
of the form 


Y=3([1+ cos Xx 





¥.=.4 1 + cos <2 





Xx 


with different values of W. Each color has bright fringes at a different 
set of values of X (except for X = 0). For instance, if,the sourceg produce 
light of two wavelengths that differ by 10% (e.g., 6000 A and 5400 f) the 
positions of the bright fringes for these two colors will differ by 10%, but 
out at the fifth bright fringe this 10% corresponds to a distance of 

half a fringe width, and the pattern becomes washed out. The number of 
fringes which can be seen is given by 


~1 _ W, 


where W, and W, are the shortest and largest wavelengths produced by the 
Source. A single bright spectral ljne from a mercury or 5 pee source has 
a spread of wavelengths of about 1 A so that for the 4358 


25 


Hg line for instance 


Obviously, it is not hard to make a source that is monochromatic enough 
to give many more fringes than other limitations of the experiment allow. 


G. Experimental Conditions That Ensure a Simple Interference Pattern 


The experimental conditions that have to be satisfied in order for the 
model of the two-slit experiment used on the SLITS program to correspond 
to an actual experiment are: 


1) ~ <1 -- ye | This condition says that the slit 
Spacing and the distance from the 
center of the screen to the last 
fringe observed must both be less 
than the distance from the slits 
to the screen. This ensures that 
the distances from the slits to the 
observation point are nearly equal, 
and, hence, that the light inten- 
Sities are equal; and also that the 
light from the two slits can be 
approximated as plane waves hitting 
the screen nearly perpendicularly. 





ee ip eee ae This says that the distance from the 

 eenter of the viewing screen to the 

— last fringe observed is much less \ 
than the product of the wavelength 
times the distance to the screen 
divided by the width of one of the 
double slits. This ensures that the 
relative intensity of the brightest 
part of the fringes will be uniform 
from the center of the pattern to 
the last fringe. 


3) Dx 





The distance between slits must be 
less than the product of the wave- 
length times the distance from the 
slit to the double slits divided by 
the width of the first slit. This 
ensures that the light entering the 
double slits is coherent, and, there- 
fore, that the intensity has the 
maximum value unity, and the minimum 
value zero, and the fringes have the 
maximum possible contrast. 
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5) Other experimental details are: 


This says that the distance from the 
center of the viewing screen 

to the last fringe should be less 
than the product of the distance from 
double slits to screen times the 

the shortest wavelength squared div- 
ided by the slit separation times 

the difference between the longest 
and the shortest wavelengths. This 
ensures that the wavelength spread 

in the source does not make the fringe 
maxima of the longest wavelength 
light fall on the fringe maxima of 
the shortest wavelength light. 


a) The first slit and the double slits must be parallel 
b) The plane of the double slits and the plane of the viewing screen 


must be parallel 


c) If the distance between the double slits and the viewing screen 
or between the first slit and the double slits is too great, 
actual fringe intensity will be very weak (the relative intensity 


is not affected). 


we 





